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This work was partially funded by the Center for Statistics and
Applications in Forensic Evidence (CSAFE) through Cooperative
Agreement #70NANB15H176 between NIST and Iowa State
University, which includes activities carried out at Carnegie Mellon
University, University of California Irvine, and University of Virginia.
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Objective
Provide probabalistic statements of writership for handwritten
documents.
▶ Free of context (no character recognition)
▶ Free of writing style (cursive, print)
▶ Closed set of writers
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Handwriting Samples
Computer Vision Lab Database
▶ 27 writers
▶ 6 documents
▶ 1 hold out - Questioned Documents
▶ 5 training
Florian Kleber, Stefan Fiel, Markus Diem and Robert Sablatnig, CVL-Database: An
Off-line Database for Writer Retrieval, Writer Identification and Word Spotting, In
Proc. of the 12th Int. Conference on Document Analysis and Recognition (ICDAR)
2013, pp. 560-564, 2013. pdf doi
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Break down a document
Step 1
Break down full bodies of text.
Figure: Top: unprocessed text. Bottom: break points of processed text.
Writer 18 - Doc. 1.
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Group like structures - I
Step 2
Sort“letters” into buckets.
Figure: Letter Bucket Examples
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Group like structures - II
Step 3
Count the number of letters in each bucket.













1(2) 113 54 11 8 . . . 0 0
2(3) 166 107 3 12 . . . 0 0








Figure: Unprocessed text. Writer 13 - Doc. 2.
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Handle infrequent structures
Step 5
Handle infrequently occurring buckets.
▶ Rare buckets are those that hold less than 0.01% of all letters
in the training set.
▶ Medium rare buckets hold between 0.01% and 0.1% of all
letters in the training set.
We count the number of letters in these buckets together.
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Data!
Data for Model 1.
w(d) 2C 4BMA 5DMAA 6AMJIAA . . . medrare rare
1(2) 113 54 11 8 . . . 3 2
2(3) 166 107 3 12 . . . 8 7
3(7) 59 103 9 7 . . . 14 11
...
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Model 1 Results - Example QD
Analysis on a closed set of writers.
Figure: Posterior Model 1 probabilities for QD by Writer 25.
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Model 1 Results - First Ten
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Slope Measurement - I
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Slope Measurement - II
1. Processed
2. Centroid 3. Slope = 0.295
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Slope Measurement - II
1. Processed 2. Centroid
3. Slope = 0.295
15 / 22
16
Research funded by the Center for Statistics and Applications in Forensic Evidence (CSAFE) - forensicstats.org
Slope Measurement - II
1. Processed 2. Centroid 3. Slope = 0.295
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Measurement - Slope
1. Processed
2. Centroid 3. Slope = 1.02
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Measurement - Slope
1. Processed 2. Centroid
3. Slope = 1.02
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Measurement - Slope
1. Processed 2. Centroid 3. Slope = 1.02
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More Data!
Data for Model 2.
w(d) 2C 4BMA 5DMAA 6AMJIAA . . . medrare rare
1(2) 113 54 11 8 . . . 3 2
2(3) 166 107 3 12 . . . 8 7
3(7) 59 103 9 7 . . . 14 11
...
▶ Plus a slope for every letter in the table!
▶ Fit a Bayesian hierarchical model.
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A Look at Distribution of Slope
Slopes of the bucket 4BOA for writers 12, 21, and 23.
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Model 2 Results - Second Ten
Model 1 Result Model 2 Result
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Expanding the Closed Set
▶ So far: 10 writers at a time.
▶ Next: all 27 writers.
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Model 2 Results - All 27
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Thank you!
▶ Special thanks to Nick Berry and Ben Escobar for handwriting
processing support.
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